Background: Many types of cancer are associated with polymorphisms of the renin-angiotensin system. Our aim was to assess possible association between singlenucleotide polymorphisms (SNPs) of the angiotensin II receptor types 1 (A168G), and 2 (T1247G and A5235G) with breast cancer. Patients and Methods: 242 participating subjects were genotyped and allocated to case or control groups. Results: Genotype distribution (in %) was: for AGTR1 (A168G): AA, AG, GG = 61, 30, 09 for cases, and 69, 25, 06 for controls (p = 0.55); for AGTR2 (T1247G): TT, TG, GG = 84, 12, 04 for cases, and 81, 17, 02 for controls (p = 0.45); for AGTR2 (A5235G): AA, AG, GG = 32, 67, 01 for cases, and 53, 28, 19 for controls (p < 0.0001). Women carrying genotypes AA/AG in the intronic region of angiotensin II type 2 receptor had an 11-fold higher risk of breast cancer than GG carriers. Conclusions: Many types of cancer have been associated with polymorphisms of the renin-angiotensin system. For SNP A5235G, the GG genotype seems to be protective against breast cancer. The other 2 SNPs showed no association. However, SNPs T1247G and A5235G were associated with at least 1 clinical variable, with G being a predictor of better outcome. The use of SNPs A5235G and T1247G (the latter to a lesser degree) as genetic markers should be considered.
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Introduction
Angiotensin-converting enzyme 1 (ACE1) converts the inactive decapeptide angiotensin I (AngI) to the active octapeptide and potent vasoconstrictor angiotensin II (AngII), which is the main active product of the renin-angiotensin system (RAS) [1] . AngII accomplishes a variety of biological functions via G protein-coupled receptors, of which the angiotensin II type 1 receptor (AGTR1) is the predominant subtype expressed in most adult tissues [2] . AngII possesses characteristics of growth factors that induce effects such as hypertrophy and hyperplasia by activating the AGTR1 [3] [4] [5] . This agonist-receptor interaction also promotes angiogenesis, tumor metastasis [6] , and breast cell proliferation [7] , suggesting a function for AngII in the etiology or in the progression of cancer. These effects are observed in mammary cancer cells, in endothelial cells and in vascular smooth muscle [4, 8, 9] . AGTR1 is expressed in the large majority of normal tissues and its expression frequently increases in the corresponding neoplastic tissues, demonstrating that the overexpression of this receptor is involved in carcinogenesis [10] . Use of ACE1 inhibitors and other antihypertensive medications has been associated with breast cancer risk [11] [12] [13] . Other evidence links ACE1 activity and AngII to breast cancer [14] . ACE A240T and ACE I/D polymorphisms have also been associated with breast cancer risk [15] . In a previous study, we observed that the ID genotype is less frequently associated with breast cancer than the DD and II genotypes. Among Brazilian women, ID carriers are 3.1 times less likely to develop breast cancer than those carrying the other genotypes. The ID genotype seems to be protective for breast cancer, and this association makes the ACE (I/D) polymorphism a possible target for developing genetic markers for both breast [16] ® UNG (2×), 0.5 ml specific assay mix (A168G, T1247G and A5235G) containing the primers and probes, 1-20 ng genomic DNA and sterile water for a total volume of 20 μl. PCR conditions were an additional step at 50 °C for 2 min, and an initial step at 95 °C for 10 min, followed by 40 cycles of denaturing at 92 °C for 15 s and annealing/extension at 60 °C for 1 min. A negative control without template DNA was used in each run. The allelic discrimination was determined by analysis using SDS Software v. 1.3.1 (Applied Biosystems).
Statistical Analysis
Allele and genotype frequencies in patient and control groups were compared using the multiple person chi-squared test (χ 2 test) or the Fisher exact test. Odds ratio (OR) was estimated by the logistic regression model, assuming 95% as the confidence interval (CI), to measure the strength of the association between the frequencies of genotype and breast cancer. Values of p < 0.05 were considered statistically significant. Using standard χ 2 statistics, we tested whether the allele frequencies deviated from the Hardy-Weinberg equilibrium (HWE). Data were analyzed using the computer software SPSS (Version 7.5) for Windows. For graphic constructs, we used the software GraphPad Prism ® (Versions 5) and Excel for Windows XP™. endometrial cancers, but not for ovarian cancer [17] . Besides the association of RAS with gynecological cancers, a recent meta-analysis study found that single-nucleotide polymorphism (SNP) ACE A-240T has the potential to become a genetic marker for lung cancer among Chinese people [18] .
Breast cancer is thus known to be associated with some RAS components. However, so far, no data are available regarding the association of the SNPs AGTR1 (A168G) and AGTR2 (T1247G and A5235G) with breast cancer. In this study we aimed to investigate how these 3 SNPs, located in non-coding regions of the genes, could regulate the binding affinity of the transcription machinery to the promoter region of AGTR1 and AGTR2, as well as a possible interaction with mRNA transcript processing by alternative splicing mechanisms. In summary, our objective was to investigate how these genetic alterations could interfere with AngII signaling through AGTR1 and AGTR2 during breast carcinogenesis among Brazilian women through a case-control association study.
Material and Methods

Subjects
All samples were obtained after informed consent from the subjects prior to their inclusion in the study. 242 eligible women were included in the SNP AGTR1 or AGTR2 (A168G; T1247G; A5235G) groups (115 cases; 127 controls). All women allocated to case groups had their tumors surgically and histologically confirmed. The control group was composed of subjects with no prior history of breast cancer. Breast cancer case patients were admitted to and treated at the Mastology Section, Division of Gynecology and Obstetrics, Hospital Sao Paulo, Sao Paulo, Brazil. Control group women were admitted to the Menopause session/Gynecology Department of the Hospital Sao Paulo. Admissions occurred from March 2011 to December 2012. A structured questionnaire was applied to obtain detailed information on demographic factors, as well as menstrual and reproductive history. Clinical variables like TNM category and axillary lymph node status were also assessed in breast cancer patients.
Ethics
The procedures were performed in accordance with the ethical standards of the responsible committee on institutional human experi- Wolgien/da Silva/Nazário/Nakaie/ Correa-Noronha/de Noronha/Facina
Results
Among the 3 polymorphisms studied here, an association was only found between allelic distribution with case/control groups for SNP AGTR2 (A5235G). The SNPs of the AGTR2 were associated with at least 1 clinical variable, but there was no association of these variables with the AGTR1 polymorphism. A more detailed description of each SNP is given below.
We evaluated 242 women in this association study of SNPs AGTR1 or AGTR2 (A168G; T1247G; A5235G) with breast cancer: 115 were breast cancer patients and 127 were controls. The age of these patients ranged from 26 to 90 years. The mean age ± SEM was 57 ± 0.8 years for cases and 55 ± 0.7 years for controls, with no significant statistical difference between groups (p = 0.10). Likewise, there were no significant statistical differences between groups for the variables race and menopausal status (data not shown).
AGTR1 (A168G) Polymorphism
The frequency distribution of SNP AGTR1 (A168G) genotypes, wild-type AA, heterozygous AG, and polymorphic GG was as follows: breast cancer patients, 61%, 30%, and 09%; and control patients, 69%, 25%, and 06% (table 2) . We could not verify a statistically significant association between allelic distribution of this SNP with breast cancer (p = 0.55) as illustrated in table 2.
We also carried out statistical analyses to investigate a possible association between the SNP with clinical variables, such as TNM category and axillary lymph node status, to assess whether this RAS-related SNP is associated with tumor progression (table 3) . No association was observed between clinical variables and SNP AGTR1 (A168G) allelic distribution among breast cancer patients.
The allelic frequency was also verified for SNP AGTR1 (A168G). We observed that A and G alleles had the following distribution: 0.76 and 0.24 among case patients and 0.81 and 0.19 among control patients. In the statistical analyses of allelic distribution versus clinical variables, in SNP AGTR2 (A5235G), we only observed association between allelic distribution and axillary lymph node status (p = 0.0003***), in which the genotype GG might be considered a predictor of a better prognosis, and allele A may be linked to a more aggressive type of cancer (table 3) .
Finally, we performed an HWE test and observed that allelic frequency diverged significantly from equilibrium in both the case and control groups (p = 0.0007*** and 0.04*) (table 4) .
Discussion
The present study is the first to investigate a possible association between the SNPs AGTR1 (A168G) and AGTR2 (T1247G and A5235G) with breast cancer among Brazilian women. AGTR1 is located in chromosome 3q21-25, and has 5 exons. Its expression is regulated by the binding accessibility of the transcription machinery to the 5' flanking region of the gene. AGTR2 is located in chromosome Xq23, and has 3 exons. Exon 3 contains the entire open reading frame.
Previous results suggested that blockade of AngII signaling through AGTR1 might be protective against breast cancer. To test the hypothesis that AngII participates in breast carFinally, we performed an HWE test and observed that allelic frequency was balanced among case and control groups. The HWE test confirmed that the genotypic frequencies did not diverge significantly from the equilibrium in either case and control groups (p = 0.54 and 0.48) (table 4).
AGTR2 (T1247G) Polymorphism
The frequency distribution of the SNP AGTR2 (T1247G) genotypes, wild type (TT), heterozygous (TG) and polymorphic (GG) was as follows: breast cancer patients, 84%, 12% and 04%; and control patients, 81%, 17% and 02% (table 2) . We could not verify a statistically significant association between allelic distribution of this SNP with breast cancer (p = 0.45), as illustrated in table 2.
For the SNP AGTR2 (T1247G)-breast cancer association study, we performed the same statistical analyses as described for the SNP AGTR1 (A168G), i.e. allelic distribution versus clinical variables. In SNP AGTR2 (T1247G), we observed an association between allelic distribution and both TNM category and axillary lymph node status (p < 0.0001). This suggests a strong association with tumor progression (table 3) , with the polymorphic GG genotype being a predictor of poor outcome for both variables. The G allele seemed to be more strongly associated with axillary lymph node metastasis than with TNM category (table 3) .
The allelic frequency was also verified for SNP AGTR2 (T1247G). We observed that T and G alleles had the following distribution: 0.90 and 0.10 among case patients, and 0.90 and 0.10 among control patients.
Finally, we performed an HWE test and observed that allelic frequency was balanced among case and control groups. The HWE test confirmed that the genotypic frequencies did not diverge significantly from equilibrium in either the case and control groups (p = 0.22 and 0.47) (table 4).
AGTR2 (A5235G) Polymorphism
The frequency distribution of SNP AGTR2 (A5235G) genotypes wild-type AA, heterozygous AG and polymorphic AGTR2 (A5235G), located in the intronic region (like ACE1 ID polymorphism) of AGTR2, is associated with the disease, and that the allele G may be protective. The association suggests that SNP A5235G might alter susceptibility to the disease.
In conclusion, accumulating evidence suggests that the RAS is implicated in the development and in the invasion of several kinds of cancer [27] . The present study provides another piece of evidence that RAS-related receptor signaling, especially the AGTR2, might interfere with breast cancer incidence and also with its progression. Moreover, genetic predisposition to cancer is determined by a complex combination of many components within the cellular context. Certainly, within this breast cancer cellular context, although it is very heterogeneous between different subtypes, an important role is played by the set of SNPs that everyone carries in their genome. In this study, we showed that non-coding RAS-related SNPs were associated with cancer risk and progression. We believe that the use of SNPs AGTR2 (A5235G) and AGTR2 (T1247G) (the latter to a lesser degree) could be used as predictors for breast cancer risk among Brazilian women. AGTR1 (A168G), and their possible association with breast cancer. However, as in the present study, Koh and colleagues did not find any association between SNP AGTR1 (A168G) and breast cancer.
In addition, according to our results, the non-coding SNPs AGTR2 (T1247G) and (A5235G) were associated with at least 1 of the clinical variables considered in these breast cancer patient populations. Interestingly, SNP AGTR2 (T1247G) was not associated with cancer risk; however associations were found with both clinical variables (in contrast to the other 2 SNPs studied: AGTR2 (A5235G) was associated with only 1 clinical variable and AGTR1 (A168G) was associated with neither). For SNP AGTR2 (A5235G), allele G was associated with cancer risk and progression, which, combined, demonstrates that this SNP may be relevant for designing detection and therapeutic approaches for the disease. In addition, although SNP AGTR2 (T1247G) was not associated with cancer risk, there was an association with both clinical variables, and the G allele was observed in patients with a more aggressive type of cancer, particularly when axillary lymph node invasion was considered [20] . In general, these results strongly suggest that these SNPs, as parts of complex gene interactions, are linked to breast cancer risk and might be playing an important role in the disease progression.
Several studies support the significant association of AGTR2 signaling with various types of cancer (renal, colorectal, prostate, uterine, breast and pancreatic) [7, [21] [22] [23] [24] [25] . Initially, the 2 AGTR2 SNPs studied here were only associated with the circulatory system or with metabolism and nutrition disorders [26] . From our results it is clear that, although SNP AGTR2 (T1247G) is not associated with breast cancer, SNP
